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The sensors are environmentally protected, internal p 00 ]ug’nrc d has been 

and the Idaho 

National Engineering Laboratory. 


INTRODUCTION 

The detection and characterization of waste ^“!f ia1 
that involve non-intrusive geophys « I. radiolc or v J hicle . mounte d 
Such surveys, performed with manu f^ { . p hipcts materials, contaminants, and 

vehicle 

specitically designed to be a sensor P^p^jde'a^eans of safelyValing 
^iS^i^^E tra le t £p-fo™ site character za . on 
surveys in which human operators must traverse the sixe eicner 
board a survey vehicle. 

&r^%^£t^SvSSSSS‘- 

by other available methods. At the same time, u i P t as those 

ments^antTby ^i^b^utilize^i^other'ciO^tele- 

robiti? applications to 1 ^'cap^bT * " ?y C Sf t th| W Rcf S his alJeadfblen “Jans-* 

»i. a h teleoperated a excavation b system°that e has^been developed at the Oah 
Ridge National Laboratory. 

The major hardware and ^«“ a ^^™^^f s ? c °^efts P raifSen^eJfor^d e at 

transfer of the RCS are planned for FY 1994. 

joint support for tMs work ha^been^rov^deOy theJ.S.^rmy^ 
Environmental Center. The p j National Laboratory, the Sandia 

^ C tlonal"fory! ?!;e faience Livermore National Laboratory, and thejdaho 
National Engineering Laboratory. 
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SYSTEM OVERVIEW 

veh i c fe e a nd S i S I n s t t ? n n r h2 U 1 re ?, * h f ^ J he relnotc, J' “"trolled survey 
Another requirement was that the veh?ri ’ ‘ anc ^ "datively inexpensive. 

(GPh)! e a a :et^ S dit«t r oT n a SometT 6 "* 1 ' radar 

type ground conductivity sensor, and I radlSl§gllal ^’™ eter ’ a " in^ction- 

picture 9 differs S from r the , 'actuaf , 'svstem e ?n , reJt f * el H ? p ?] ication - Although the 
basic system configuration ?he^eh?cle is H?}" deta ,’ S 1 U filtrates the 

rc^t^r 5 lt T tl ^ M-"** 

station wh^re they a^reco^! processe?^5 d dfs r ^d. VehiC ' e *° the base 


Fixed GPS 

PAraii/Ar 


Base Station 



Magnetometers 


GPR Antenna 


£lflUne_J.. Drawing of the RCS. 


THE SURVEY VEHICLE (LSV) 


required KsToVS ^SOT^iljTXnr ’S™* 
sensors. The most critical part of this effort '^5 redS« t’Se SSS’S* 
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magnetic material (steel) on the vehicle and to locate unavoidable steel 
components as far from the magnetometers as possible. 

A typical site for a geophysical 1 field 

such as bushes, trees, fe "”’; ^ li ?f' b erms!°rocks, and miscellaneous 
open holes, depressions, ditches, hi 1 Is, Derms, ru > To obtain the 

debris (wire, cable, 55-gal drums, LSV th g Se |J n( js of obstructions, 

maneuverability needed to Mr”, the LSV must be able to 

we adopted two additional design Q ® vehicle components must be 
turn in place. Second, all sensors and o e defined £ y its whee i s a nd 

contained within the perimeter the possibility of transporting 

bumpers. These requirements elimi nar ti C ular the large size of a ground- 
sensors on a trailer or a bo ° m - p ^ essitv ofcoupling it to the ground vir- 
penetrating radar antenna and bh e necess a ° n 5 it ; Thus, as illustrated 

in a Figure C i at the t front h part h of 1 the e chassis e ^s a an^open structure that permits 
the F GPR antenna to be suspended between the front wheels. 

figure 2 is a photograph of the prototype LSV that ‘ h “ ^.constructed^ 
at the Pacific Northwest Laboratory. including a payload of 

to provide low-level control inputs to the vehicle. 


s 1 



Figure 2 . The RCS Low-Signature Vehicle. 


The LSV is based on a six-wheeled 

equalize wheel loading and to minimiz around surface, we developed a 

platform in response to the roughness of ‘^^^effective. R £ 
simple articulated cha ^ s ] s that h p and f orwar( j two-thirds of 

of two main sections that form „<5o t located on the vehicle's longitudinal axis 
the vehicle, respectively. A pivot located on rne^^ ^ roUte relati ve to 

eac^other.'^Additional^articulation is provided at the front end of the 
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chassis. The two wheels on each side of the front section of the vehicle are 
mounted at the ends of a horizontal arm. Each of the two arms is connected by 
a bearing to the ends of a yoke, or inverted U-shaped member, that straddles 
the front part of the chassis. Each arm is free to pivot about a transverse 
axis located at the center of the arm. 

A 20-hp, gasoline-powered, 2-cylinder engine is mounted on the rear 
section of the chassis. A 12-V, 50-amp alternator mounted on the engine 
provides electrical power for the sensors, control modules, and other 
electronic devices on the vehicle. A hydraulic pump, electronically con- 
trolled hydraulic valves, and four hydraulic motors provide power at the front 
and rear wheels. 

The LSV has been designed to climb and traverse 35° slopes, to have a 
ground clearance of 8 in. (except for the GPR antenna), and to operate at 
speeds up to 5 ft/s. These features permit operations on most of the terrain 
present at DOE and DOD waste burial sites. 


NAVIGATION SUBSYSTEM 

A differential kinematic implementation of the satellite-based Global 
Positioning System (GPS) is the primary means of tracking the LSV. The 
differential configuration involves the use of two NovAtel (Calgary, Alberta, 
Canada ) GPSCard Model 951R receiver modules. The first, mounted on the LSV, 
computes its location and transmits that information to a dedicated computer 
in the RCS base station using an embedded computer and telemetry unit. The 
second module is mounted on the base-station truck. It is fixed in position 
for a given survey and provides error-correction information that is 
transmitted to the LSV's GPS receiver. Coordinates accurate to ±50 cm 
(typically) are calculated in real time at a rate of 5 measurements/s. 
Coordinates accurate to ±15 cm (typically) are obtained by post-processinq the 
recorded GPS data. 


COMMUNICATIONS SUBSYSTEM 

A digital, radio-frequency (RF), command/data link provides ethernet 
communications between the vehicle and the base station. Signals transmitted 
to the LSV control the direction and speed of the vehicle, the orientation of 
the video cameras, and the setup and operation of the on-board sensors. 

Vehicle status information and sensor output data are transmitted from the LSV 
to the base station. Setup commands are transmitted to each sensor prior to 
the initiation of a survey, and parameter update commands can be transmitted 
to the sensors at any time. After data collection has been initiated, the 
sensor data are transmitted at predetermined intervals without intervention or 
commands from the base station. This approach permits data to be transmitted 
at 25 kbytes/s, a rate sufficient to handle the 17-kbyte/s output of the GPR 
sensor together with the output of all of the other sensors. Two separate 
analog RF channels handle video transmissions. 
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HIGH-LEVEL CONTROL STATION (HLCS) 

The operator interface to the LSV is called the High-Level Control 
Station (HLCS). It is contained in the base-station vehicle and communicates 
with the LSV via the RF telemetry link described above. The components of the 
HLCS are housed in the truck shown in Figure 3. The cargo box was custom 



Figure 3 . The truck housing the RCS base station. 

built to provide equipment mounting space, electrical power, lighting, 
heating, air conditioning, windows, counter space, and storage cabinets. 

The HLCS provides the hardware and software for remote driving 
(teleoperation), camera positioning, and data displays. A central feature is 
a control chair with vehicle joystick controls and a keyboard/trackball 
interface for command inputs to the graphics-based operator interface (Figure 
4). The system operator sits in the control chair, driving the remote vehicle 
and controlling the video cameras with joysticks and fingertip controls. The 
remote video images and a graphical interface to the control computer are 
presented on video displays located in front of the operator. The operator 
also controls sensor selection, sensor operation, and data acquisition through 
the graphical operator interface. A secondary graphical data display station 
is provided to allow a geophysicist or observer to examine real-time data. 
Planned extensions of the control features emphasize automated and semi- 
automated survey capabilities that will reduce he burden on the operator. An 
additional potential extension would provide multiple vehicle control by one 
station with occasional operator input during problem resolution. 
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Figure 4 . The operator's control station. 


VIDEO SUBSYSTEM 

The system operator must receive visual information from the LSV so that 
he can recognize hazards and obstructions and can guide the vehicle around 
them. It is vital that the information available to the operator be suffi- 
ciently detailed that he can make on-the-fly decisions regarding the risks 
associated with anomalous features that the LSV will encounter in the field. 

A stereo video subsystem is planned to provide the necessary detailed visual 
information, but the current configuration provides two monoscopic channels 
that are set up for viewing in the forward and backward directions. The 
current system includes the cameras, camera control components (pan/tilt), and 
the associated telemetry links needed for stereo viewing, but does not include 
the necessary stereo display and head-tracking components. These, together 
with a data compression technique that will permit both video channels to be 
transmitted on a single RF link, represent goals for system improvement. 
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SENSORS 


To date, the following sensing instruments have been mounted on the LSV 
for testing: 

• Fluxgate magnetic gradiometers (Model APS - 511, Applied Physics Systems, 
897 Independence Avenue, Mountain View, CA 94043) 

• Cesium vapor magnetometers (Model G822A, EG&G Geometries, 395 Java 
Drive, Sunnyvale, CA 94089) 

• Sodium iodide gamma detector (2-in. thick, 5-in. diameter crystal, 
Harshaw/Filtrol , 6801 Cochran Road, Solon, OH 44139). 

• Ground-penetrating radar (Model SIR 3, Geophysical Survey Systems, Inc., 
13 Klein Drive, North Salem, NH 03073-0097) 

• Electromagnetic induction ground conductivity sensor (Modified Model 
EM31, Geonics Ltd., 1745 Meyerside Drive, Unit 8, Mississauga, Ontario, 
Canada L5T 1C5) 

It has been proposed that a portable mass spectrometer under development at 
the Lawrence Livermore National Laboratory be added to this package to provide 
a chemical sensing capability. Not all of the sensors will be mounted on the 
vehicle at any given time. This is partly due to inherent differences in 
operating requirements or operating modes. In particular, for radiological 
and chemical sensing, the vehicle will probably be operated at a low speed or 
in a slow start-stop mode rather than the fast continuous-motion mode that is 
appropriate for the geophysical sensors. 

The test data sets that have been collected to date, are currently being 
processed, but initial results are available for the magnetic and radiation 
sensors. Figure 5 is a contour map that illustrates the data produced by the 
cesium vapor total -field magnetometer. This data set was recorded at an 
uncontaminated (cold) test pit at the Idaho National Engineering Laboratory. 

It compares favorably to equivalent data sets collected by manual methods. 

The locations of the magnetic anomalies shown in this figure correspond well 
to known locations of buried objects. Repeated measurements over the same 
sets of test objects have shown that the data produced by the LSV-mounted 
magnetic sensors and the GPS tracking subsystem are both stable and 
repeatable. Figure 6 shows an orthographic projection of radiation intensity 
data produced by the sodium iodide gamma ray sensor. The radiation source for 
this test survey was a small packet of lantern mantles buried just below the 
ground surface. 

A project is currently underway at the Pacific Northwest Laboratory to 
develop a compact, rugged, high-performance, ground-penetrating radar system 
that can be operated in a remotely controlled mode. However, the sensors 
currently deployed on the LSV are commercially available instruments. 
Modifications are being made to minimize their size, weight, and electrical 
power requirements and to improve their ruggedness. Each sensor includes a 
small embedded computer that provides interfacing to the RCS communications 
network. 
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Figure 5 . Total -field magnetic contour map. 


CONCLUSIONS 

Initial tests of the prototype system have shown that the system will 
provide the desired benefits of enhanced safety, efficiency, and da ]; a q “ allty 
characterization operations. The ability of the GPS subsystem to 
provide accurate vehicle and sensor coordinates is particularly significant 
because automated tracking is a crucial factor in telerobotic operations at 
hazardous sites. The display of video, compass heading, and real-time GPS 
tracking data on the operator's console allows the operator to drive the 
survey vehicle accurately along desired survey paths. In addition, the real- 
time display of sensor output on a data display monitor allows the operator to 
identify features of particular interest and to ensure that the track spacing 
adequately delineates those features. The efficiency of the survey operation 
and subsequent data processing procedures is enh anc e db y the ability of the 
RCS to acquire multiple data sets simultaneously and to attach time stamps and 
geographical coordinates to each datum. 


83 


E iqure 6 . Orthographic projection of gamma radiation intensity 
from a localized source. 

Although the metallic content of the LSV has not yet been reduced to the 
desired minimum level, the vehicle has proven to be an effective low-signature 
platform for the magnetic, radiological, and GPR sensors. The principal 
effect of the LSV;s engine and the other metallic drive train components has 
been a reduction in the stability and effective sensitivity of the EM31 
electromagnetic induction sensor. Efforts are currently underway to improve 
the performance of that sensor. A continuing objective of the RCS project is 
to further reduce the number of metallic components on the vehicle. 

One of the proposed operational functions of the RCS is to work in 
parallel with waste site excavation equipment in what is called the "scratch 
and sniff mode. This mode involves repetitive site characterization surveys 
as layers of overburden are removed from the waste deposit. As the chemical 
and/or radiological contaminants are progressively exposed, the RCS will be 
able to define and characterize the waste materials with increasing levels of 
detail and accuracy without exposing human operators to the hazards associated 
j) proximity to the waste materials. In this mode, data relating to the 
distribution of waste materials and contamination levels will be used to 
formulate and refine excavation strategies. 
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